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Global	Energy:	
Sources,	Uses,	and	Paths	
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United States Energy Flows 



Wisconsin Energy Flows 



Washington State Energy Flows 



U.S.	Energy	Sources:	Historical	





Energy – Water Nexus  
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http://www.ncdc.noaa.gov/sotc/global/201513 

Global Warming = Climate Change 



CO2	

CH4	
!N2O	

Land	Use	Change	

Agriculture	

--
--
--
-E
ne

rg
y-
--
--
-	



The carbon cycle 

Modified from NCAR (National Center for Atmospheric Research) 



Photons Heat The carbon cycle and 
corresponding energy flow 

Modified from NCAR (National Center for Atmospheric Research) 



The carbon cycle 

Modified from NCAR (National Center for Atmospheric Research) 



Conversion	of	sugar	cane	(glucose)	or	corn	starch	(glucose	
polymer)	to	ethanol	
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Today’s	Biofuel	Ethanol	Technology	
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 To perform the basic 
research that generates 
technology to convert 
cellulosic biomass into 
sustainable biofuels. 

The Mission of GLBRC 



www.glbrc.org	

Great	Lakes	Bioenergy	Research	Center	

!  Field (ecosystems, plants, microbes, air, water) 
!  Laboratory (molecular, genomic, atomic)  
!  Multi-scale modeling (molecules, cells, ecosystems & 

refineries) 



United States DOE Bioenergy Research Centers 
 



What	is	Cellulose?	
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What	is	Cellulose?	



Conversion of Cellulosic Plant Biomass to Fuels 

Mixed sugars, etc. 
 (glucose, arabinose, xylose, 

phenolics, etc.) 

Ethanol	(next	generaWon	fuel)	

Plant biomass  

“Loosened” cell wall material 
(cellulose hemicellulose, lignin) 

?  Enzymes (cellulases, 
etc) or microbes 

?   Pretreat (grind, heat, 
chemicals, pressure) 

Tomorrow’s technology 
(GLBRC) 

?  Fermentation 
(microbes) or catalysts 
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Carbon Emissions 
and Cellulosic 

Biofuels 



Carbon Emissions 
and Cellulosic 

Biofuels 



Plant Breeding for 
Greater Biofuels 

Potential 

VarieWes	of	corn	for	bioenergy	

Altered	lignins	



Bioprospecting - Thermophiles at Yellowstone 



Metabolic	Pathways	to	a	Diversity	of	Biofuels	
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